Template matching is a significant approach in machine vision due to its effectiveness and robustness. However, most of the template matching methods are so time consuming that they can't be used to many real time applications.
multiple windows in a larger search image to evaluate a similarity metric. Template matching approaches can be divided into three classes according to the features they used to match. The first class is based on intensity values or the mapping functions of them. Examples of this approach include sum of absolute differences (SAD), sum of squared differences (SSD), Normalized Cross Correlation (NCC) [1] , Matching by Tone Mapping(MTM) [2] and others. Although the computation time can be reduced by hierarchical search strategy [1] or partial elimination algorithms [3] , the approaches are unable to satisfied the applications if the rotation and scaling exists. The second class uses the mutual relationship of the pixel and the pixels around it. Examples of this class include gradient-based approaches [4] [5] and local signature approaches [6] [7] [8] [9] . The former usually become time consuming when the scaling exists while the latter often require an additional validation phase because of the data contraction. The last class uses the contour information which may be open closed contour or contour segments consisted of lines and curves. Examples of this class include geometric hashing [10] , line segment matching [11] , chain code matching [12] and geometric primitives-based matching [13] [14] . Although the edge points are needed, approaches of this kind are very efficient for two-dimensional object recognition. The new closed contour template matching method presented by this paper belongs to the last class. It consists of offline model construction and online matching. In the model construction process, several suitable triples will be selected from the contour and distance image of the contour will be created. In the online matching process, the triples are used to find initial RST parameters and the distance image is used to improve the computation efficiency. During the matching, a partial computation elimination scheme is presented to further speed up the searching process.
ALGORITHM DESIGN
The proposed closed contour based template matching method consists of model construction and online matching.
In this section, we will introduce two parts of the model construction: the triples and the distance image, and present the coarse to fine searching strategy, at last propose a partial computation elimination scheme.
Construction of the triples
A triple is composed of three points which can form a triangle and divide the contour into three parts equally. As shown in figure 1 , the contour is noted as A1A2B1B2C1C2A1, the two triples are A1B1C1 and A2B2C2. We take the triple A2B2C2 as an example, the three segments A2B1B2, B2C1C2 and C2A1A2 have equally points respectively. The triangle formed by the triple A2B2C2 is noted as T . If the contour in the searching image can be transformed by RST parameters into the model contour, then there should be exists a triple which can form a triangle that similar to T . The similarity of the triangles is invariant to translation, rotation and scaling. In order to improve the robustness of the method, the triangle formed by a triple had best be the acute triangle. 
Distance image
The distance image is an image where each pixel value represents the distance to the nearest point of a contour. It can be obtained by distance transform which approximates global distances by propagating local distance at each pixel.
The distance metric can be Euclidean distance metric or city block distance metric or chessboard distance metric, here we use the Euclidean distance metric because of its high efficiency and high accuracy. There are many approaches to complete the distance transform, such as the independent-scanning algorithms [15] , propagation algorithms [16] and others (see [17] for detail description). An example of the distance image is shown in figure 2 , in which the Euclidean is used. The mean distance is just the chamfer distance. Note the model contour as I, and the searching contour as S, the mean distance is defined as follows:
where p denote one point of the searching contour and n denote the number of the points.
Matching
In the matching process, we can get the contour of the object with the same approach as in the model construction process, following we do the matching with course to fine strategy. Firstly, for each triple of the model, we search the corresponding triple of the searching contour. The three points of the triple of the searching contour are selected with the same rule as the triples are constructed. During the searching process, not all points are used to create the triples because the similarity of the triangles is robust to small deformation. After the corresponding triple was found, we can obtain the RST parameters between the searching contour and the model contour by following：
where x , y denote the points of the triple of the model contour, (x , y ) denote the reference point of the model contour, x , y denote the points of the triple of the searching contour, (x , y ) denote the reference point of the searching contour, s denote the scaling and θ denote the rotation. The known variables are x , y , x , y , (x , y ), and other variables are need to compute by the equation.
To verify the RST parameters, the searching contour is projected into the distance image. Then the mean distance to the model contour can be computed rapidly by simple operations of addition and multiplication. The RST parameters which have the smallest mean distance and smaller than the threshold will be saved as the initial parameters. We can use a partial computation elimination scheme which will be introduced detail in the next section to further speed up the course searching process. 
Accurac
Firstly, w in Table 1 The absolute error of scaling and rotation is directly related to the discrete steps in the fine searching process. The discrete steps are smaller, the error is smaller, and the time is longer. We should take the optimal discrete steps to balance this relationship according to our actual applications.
Furthermore, we make a comparison of running time needed by classical General Hough Transform (GHT) [19] and our method. The average running time of each kind of shapes in S and R is shown in figure 6 (a) and figure 6(b) respectively. From the two figures, we can see that the running time of our method has no relationship with the shapes of the objects, and it is about 200 microseconds and well shorter than the running time of GHT. The data shown by this section show that our method is effective and efficient, and can be used in many real time applications. 
DISCUSSION AND FUTURE WORK
We proposed a new closed template matching method which is suitable for two dimensional objects. The similarity of the triangles which is invariant to rotation, translation and scaling is used to build the relationship of the model and the searching contour. The coarse-to-fine searching strategy is used to improve the matching efficiency and in order to further speed up the coarse searching process, a partial elimination scheme is proposed. The proposed method can be used to the real time application due to its efficiency and robustness.
